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WE CLAIM: 

1 . A method of reducing the damage done by reactive oxygen species (ROS) in 
an animal comprising administering to the animal an effective amount of a peptide having the 
formula: \ 

\ p. - p 2 > 

wherein: \ 
P, is: \ 

Xaa, Xaa^is: or 
Xaa, Xaa^is Xaa 3 ; 
P 2 is (Xaa 4 ) n ; \ 

Xaa! is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa2 is glycine, alanine,te-alanine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa 3 is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptophan; 

Xaa 4 is any amino acid; and 

n is 0-100; \ 
or a physiologically-acceptable salt thereof. 

2. The method of Claim 1 wherein Xaa! is aspartic acid, glutamic acid, arginine, or a- 
hydroxymethylserine. \ 

3. The method of Claim 1 wherein Xaa2 is glycine, alanine, valine, leucine, isoleucine, 
threonine, serine, asparagine, methionine^ histidine or a-hydroxymethylserine. 

4. The method of Claim 1 wherein Xaa 3 is lysine. 

^ \ 
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5. The methoe^of Claim 1 wherein Xaaj is aspartic acid, glutamic acid, arginine, or a- 
hydroxymethylserine, is glycine, alanine, valine, leucine, isoleucine, threonine, serine, 
asparagine, methionine, htstidine or a-hydroxymethylserine, and Xaa 3 is lysine. 

6. The method of Cmim 5 wherein Xaa x is aspartic acid or glutamic acid and Xaaj is 
alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine. 

7. The method of\Claim 6 wherein Xaaj is alanine, threonine or a- 
hydroxymethylserine. 

8. The method of Claim 7 Wherein Xaaj is aspartic acid and Xaaj is alanine. 

9. The method of Claim 1 wherein n is 0-10. 

10. The method of Claims 9 wherein n is 0-5. 

1 1 . The method of Claim 1 0 wherein n is 0. 

12. The method of Claim 1 wherein P 2 comprises a metal-binding sequence. 

13. The method of Claim 12 wherein P 2 comprises one of the following sequences: 

(Xaa 4 ) m Xaa 3 His Xaa2 2 
(Xaa 4 ) m His Xaa^ Xaa 5 , 
(Xaa 4 ) m Xaa 5 Xaa2 His Xaa 3 , i 
(Xaa 4 ) m Xaa 5 Xaa2 His, 
wherein Xaa 5 is an amino acid having a free sida-chain -NH 2 and m is 0-5. 

14. The method of Claim 13 wherein Xa*L is Orn or Lys. 

15. The method of Claim 1 wherein at leasj one of the amino acids of other than 
P-alanine is a D-amino acid. 

1 6. The method of Claim 1 5 wherein Xaa, is ^D-amino acid, His is a D-amino acid, 
or both Xaa! and His are D-amino acids.. 

1 7 The method of Claim 1 6 wherein all of the an^no acids of P, other than p-alanine 
are D-amino acids. 

18. The method of Claim 15 wherein at least 50^J> of the amino acids of P 2 are D- 
amino acids. 
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19. The method of Claim 16 wherein at least 50% of the amino acids of P 2 are D- 
amino acids. 

20. The methoayof Claim 17 wherein at least 50% of the amino acids of P 2 are D- 
amino acids. \ ^ 

2 1 . The method of one of Claims J-20wherein the animal is in need of the peptide 
because of the need to reperfease an ischemic tissue or organ of the animal. 

22. The method of Claim 21 wherein the animal is suffering from cerebrovascular 
ischemia and the ischemic tissue is located in the brain of the animal. 

23. The method of Claipi 21 wherein the animal is suffering from cardiovascular 
ischemia and the ischemic tissue is located in the heart of the animal. 

24. The method of Claim 2 l^wherein the peptide is administered prior to reperfusion, 
simultaneously with reperfusion, aft^r reperfiision, or combinations thereof. 

25 . The method of any one of Claims L2ff wherein the animal is in need of the peptide 
because of neurological trauma. 



/ 



26. The method of any one of Claims 1^2tfwherein the animal is in need of the peptide 
because it is suffering from a neurodegenerative disease. 

27. The method of any one of OJaims^L-20 wherein the peptide is administered 
prophylactically. 

28. The method of Claim 27 whefcein the peptide is administered to an animal 
exhibiting symptoms of possible cerebrovascuiy ischemia or possible cardiovascular ischemia 
while the animal is being diagnosed. 

29. The method of Claim 27 wherein thebeptide is administered to an animal prior to 
surgery, during surgery, after surgery, or combinations thereof 

30. The method of Claim 29 wherein the s\irgery is open-heart surgery or surgery to 
transplant an organ into the animal. 

3 1 . The method of Claim 27 wherein the pedtide is administered to an animal prior to 
radiation therapy, during radiation therapy, after radiation therapy, or combinations thereof. 
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32. The method oil any one of Claims ^=20* wherein at least one amino acid of Pj is 
substituted with (a) a substimient that increases the lipophilicity of the peptide without altering 
the ability of P! to bind metal ions, (b) a substituent that protects the peptide from proteolytic 
enzymes without altering tire ability of P, to bind metal ions, or (c) a substituent which is a 
non-peptide, metal-binding functional group that improves the ability of the peptide to bind 
metal ions. I 

33. The method of Claim 32 wherein the animal is in need of the peptide because of 
the need to reperfuse an ischemic tissue or organ of the animal. 

34. The method of Clam 33 wherein the animal is suffering from cerebrovascular 
ischemia and the ischemic tissue is located in the brain of the animal. 

35. The methQiiif^aiVn 33 wherein the animal is suffering from cardiovascular 
ischemia and the (schemic tissueusi«^ated in the heart of the animal. 

36. The method of Claim $3 wherein the peptide is administered prior to reperfusion, 
simultaneously with reperfiision, after reperfu^on, or combinations thereof. 

37. The method of Claim 32 wherein theVnimal is in need of the peptide because of 
neurological trauma. \ 1 I 

38. The method of CIMm 32\wherein the ammal is in need of the peptide because it is 
suffering from a neurodegenSrati^ disease ^x^ 

39. The method of Claim 32 Wherein the peptide is administered prophylactically. 

40. The method of Claim 3D wherein the peptide is administered to an animal 
exhibiting symptoms of possible cerebrovascular ischemia or possible cardiovascular ischemia 
while the animal is being diagnosed. \ 

4 1 . The method of Claim 39 whdrein the peptide is administered to an animal prior to 
surgery, during surgery, after surgery, oncombinations thereof. 

42. The method of Claim 41 wherein the surgery is open-heart surgery or surgery to 
transplant an organ into the animal. \ 

43 . The method of Claim 39 wherein the peptide is administered to an animal prior to 
radiation therapy, during radiation therapy, after radiation therapy, or combinations thereof. 
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wherein: 

R, is an alkyl, aryl, or heteroaryl; 
R 2 is -NH 2 , -NHR„ N(R,) 2 , -OR,, or R,; and 
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R 3 is H 5 a nom-peptide, metal-binding functional group or the two R 3 groups together 
form a non-peptide, metal-binding functional group. 

45. The method of Claim 44 wherein the animal is in need of the peptide because of 
the need to reperfuse an ischemic tissue or organ of the animal. 

46. The methoa of Claim 45 wherein the animal is suffering from cerebrovascular 
ischemia and the ischemic tissue is located in the brain of the animal. 

47. The method! of Claim 45 wherein the animal is suffering from cardiovascular 
ischemia and the ischemic tissue is located in the heart of the animal. 

48. The method oFClaim 45 wherein the peptide is administered prior to reperfusion, 
simultaneously with repenfusion, after reperfusion, or combinations thereof. 

49. The method o^ Claim 44 wherein the animal is in need of the peptide because of 
neurological trauma. 

50. The method ofj^jrim 44 wherein the animal is in need of the peptide because it is 
suffering from a neur<^generative\iisease. 

51 . The method of Claim 44 wherein the peptide is administered prophylactically. 

52. The method of\ Claim 51 wherein the peptide is administered to an animal 
exhibiting symptomspf possibje cerebrova^pular ischemia or possible cardiovascular ischemia 
while the animal is being dia^osed. 

5 3 . The methoa Vf Claifai 5 1 wherqftn the peptide is administered to an animal prior to 
surgery, during surgeHf, ^fter siirgery, ©^combinations thereof. 

54. The method of ClaiiA 53 wherein the surgery is open-heart surgery or surgery to 
transplant an organ it 

55 . The method of Claim 31 wherein the peptide is administered to an animal prior to 
radiation therapy, during radiation ttherapy, after radiation therapy, or combinations thereof. 

56. The method of any one\of Claims^JUSd^herein at least one amino acid of P 2 is 
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering 
the ability of P! to bind metal ions, (b) a substituent that protects the peptide from proteolytic 
enzymes without altering the ability qf P, to bind metal ions, or (c) a substituent which is a 
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non-peptide, mefal-binding functional group that increases the ability of the peptide to bind 
metal ions. 

57. The riethod of Claim 32 wherein at least one amino acid of P 2 is substituted with 
(a) a substituent that increases the lipophilicity of the peptide without altering the ability of 
P, to bind metal ipns, (b) a substituent that protects the peptide from proteolytic enzymes 
without altering disability of P , to bind metal ions, or (c) a substituent which is a non-peptide, 
metal-binding functional group that increases the ability of the peptide to bind metal ions 

58. A method of reducing the damage done by reactive oxygen species (ROS) in a 
tissue or an organ th it has been removed from an animal comprising contacting the tissue or 

containing an effective amount of a peptide having the formula: 



organ with a solution 



\ 



p.-p 2 , 



Xaa2His: or 
Xaa2 His Xaa 3 , i 



Xaaj is glyci le, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosi ie, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

}£aa2 is glySnel alanine, P-alanine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosin \ tryptophan, cysteine, methionine, or a-hydroxymethylserine; 



Xaa 3 is glycine 
asparagine, glutamine 



Xaa 4 is any amjno acid; and 
n is 0-100; 

or a physiologically-aiceptable salt thereof. 



alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
>r tryptophan; 
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59. The method of Claim 58 wherein Xaa, is aspptic acid, glutamic acid, arginine, or 
a-hydroxymethylserine. 

60. The method of Claim 58 wherein X%h is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

61 . The method of Claim 58 wherein Xaa£ is lysine. 

62. The method of Claim 58 wherein Xaa( is aspartic acid, glutamic acid, arginine, or 
a-hydroxymethylserine, Xaa2 is glycine, alanine/valine, leucine, isoleucine, threonine, serine, 
asparagine, methionine, histidine or a-hydroxvmethylserine, and Xaa 3 is lysine. 

63. The method of Claim 62 wherein AXa^ is aspartic acid or glutamic acid and Xaa2 
is alanine, glycine, valine, threonine, serine/or a-hydroxymethylserine. 

64. The method of Claim 6f wherein Xaa2 is alanine, threonine or a- 
hydroxymethylserine. 

65. The method of Claim 64^vwein XaZi is aspartic acid and Xaa2 is alanine. 

66. The method of Claim 58fWhetein n is 0-10. 

67. The method of Claim 66 wherein n is 0-5. 

68. The method of Claim 67/ wherein n is 0. 

69 The method of Claim 5$ wherein P 2 comprises a metal-binding sequence. 

70. The method of Claim/69 wherein P 2 comprises one of the following sequences: 

(Xaa 4 ) m Xaa 3 UisXas^ Xaa 5 , 
(Xaa 4 ) m His Xaa^ Xaa 5 , 
(Xaa 4 ) m Xaaj Xaaj His Xaa 3 , or 
(Xaa 4 ) m XaaJXa&j His, 
wherein Xaa 5 is an amino acid having a free side-chain -NH 2 and m is 0-5. 

71 . The method of Claim 70 wherein Xaa 5 is Orn or Lys. 

72 The method/of Claim 58 wherein at least one of the amino acids of P! other than 
P-alanine is a D-amin($ acid. 

73. The method of Claim 72 wherein Xaa, is a D-amino acid, His is a D-amino acid, 
or both Xaai and His are D-amino acids.. 
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74 The method of Claim 73 wherein all of the agftino acids of Pj other than P-alanine 
are D-amino acids. 

75. The method of Claim 72 wherein at least 50% of the amino acids of P 2 are D- 
amino acids. 

76. The method of Claim 73 wherein dl least 50% of the amino acids of P 2 are D- 
amino acids. 

77. The method of Claim 74 whereiA at least 50% of the amino acids of P 2 are D- 
amino acids. 

78. The method of any one of Claims 58-77 wherein the tissue or organ is transplanted 
into an animal after being contacted witn the solution containing the peptide. 

79. The method of any one oyClaims 58-77 wherein at least one amino acid of Pj is 
substituted with (a) a substitue^ thayincreases the lipophilicity of the peptide without altering 
the ability of Pj to bind metal ion&/(b) a substituent that protects the peptide from proteolytic 
enzymes without altering tneaoHifyof Pi to bind metal ions, or (c) a substituent which is a 
non-peptide 3 metal-binding ^nctional group that improves the ability of the peptide to bind 
metal ions. 

80. The method of Claim 79 wherein the tissue or organ is transplanted into an animal 
after being contacted with the solution containing the peptide. 

81 . The methoa of Claim 79 wherein P, has one of the following formulas: 
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wherein: 

R, is an jftkyl, aryl, or heteroaryl; 
R 2 is -NHj, -NHR„ N(R,) 2 , -OR,, or R,; and 
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R 3 is H, a non-peptide, metal-binding functional group or the two R 3 groups together 
form a non-peptide, metal-binding functional ] 

82. The method of Claim 8 1 wherein the tissue or organ is transplanted into an animal 
after being contacted with the solution containing the peptide. 

83 . The method of any one of Claims 58-77 wherein at least one amino acid of P 2 is 
substituted with (a) a substituent that increase^fhe lipophilicity of the peptide without altering 
the ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic 
enzymes without altering the ability of? l to bind metal ions, or (c) a substituent which is a 
non-peptide, metal-binding functionaj/^puptijaf increases the ability of the peptide to bind 
metal ions. 

84. The method of Claim 79 ^herein at least one amino acid of P 2 is substituted with 
(a) a substituent that increases the lipophilicity of the peptide without altering the ability of 
P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes 
without altering the ability of Pj to bind metal ions, or (c) a substituent which is a non-peptide, 
metal-binding functional group that increases the ability of the peptide to bind metal ions. 

85. A methody of reducing the concentration of a metal in an animal in need thereof 
comprising administering to the animal an effective amount of a peptide having the formula: 

p. - p 2 > 

wherein: 

P,is: 

Xaaj Xaa^is? 1 
Xaaj Xaa2 His ) 
P 2 is (Xaa 4 ) n ; 

Xaa, is glycine, alanine, va\in^ 5 leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamn^, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 
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Xa^ is glycine, alanine, p-alanine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine) tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa 3 is ^ycinWkfcanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine W/fryptophan; 
Xaa 4 is anyV™ n 9 ac id; and 
nis 0-100; 

or a physiologically-acceptable salt thereof. 

86. The method of Claim 85 wherein X^j is aspartic acid, glutamic acid, arginine, or 
a-hydroxymethylserine. 

87. The method of Claim 85 whafrein Xaa2 is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

88. The method of Claim 85 wherein Xaa 3 is lysine. 

89. The method of Claim 85 wherein Xaa t is aspartic acid, glutamic acid, arginine, or 
a-hydroxymethylserine, Xaa2 is glycine, alanine, valine, leucine, isoleucine, threonine, serine, 
asparagine, methionine, histidine c/r a-hydroxymethylserine, and Xaa 3 is lysine. 

90. The method of Claim/ 89 wherein Xaaj is aspartic acid or glutamic acid and Xaa2 
is alanine, glycine, valine,ythre/Snine, serine, or a-hydroxymethylserine. 

91. The memc^^f>ClSm 90 wherein Xas^ is alanine, threonine or a- 
hydroxymethylserineJ 

92. The meth|</d <$f Claim 91 wherein Xaa! is aspartic acid and Xaa^ is alanine. 

93. The mettioctfof Claim 85 wherein n is 0-10. 

94 The method of Claim 85 wherein P 2 comprises a metal-binding sequence. 
95. The method of Claim 94 wherein P 2 comprises one of the following sequences: 
(X^ 4 ) m Xaa 3 His Xaas Xaa^ 

a 4 ) m His Xaa2 Xaa 5? 
Caa 4 ) m Xaa 5 Xaaj His Xaa 3 , or 
Caa 4 ) m Xaa 5 Xaa2 His, 
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wherein Xaa 5 is an amino acid having a free side-chafin -NH 2 and m is 0-5. 

96. The method of Claim 95 wherein Xaa 5 yis Orn or Lys. 

97. The method of Claim 85 wherein at least one of the amino acids of P, other than 
p-alanine is a D-amino acid. 

98. The method of Claim 97 wherein Xaa x is a D-amino acid, His is a D-amino acid, 
or both Xaaj and His are D-amino acids.. 

99. The method of Claim 98 wher^n all of the amino acids of Pj other than 0-alanine 
are D-amino acids. 

100. The method of Claim|97l/wherein at least 50% of the amino acids of P 2 are D- 
amino acids. 

101 . The method of amwyb dlf Claims 85-100 wherein at least one amino acid of Pj 
is substituted with (a) a subsjt#uj£nt that increases the lipophilicity of the peptide without 
altering the ability of P, to bincf metal ions, (b) a substituent that protects the peptide from 
proteolytic enzymes without altering the ability of P, to bind metal ions, or (c) a substituent 
which is a non-peptide, met^I-binding functional group that improves the ability of the peptide 
to bind metal ions. 

102. The method^ of Claim 101 wherein P, has one of the following formulas: 
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wherein: 



R, is an alkyl, awl, or heteroaryl; 

R 2 is -NH 2 , -NMR„ N(R,) 2 , -OR,, or R,; and 
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R 3 is H, a non-peptide, metal-binding functional group or the two R 3 groups together 
form a non-peptide, metal-binding functional group. 

103. The method of any one of Claims 8(5-1 00 wherein at least one amino acid of P 2 
is substituted with (a) a substituent that increases the lipophilicity of the peptide without 
altering the ability of to bind metal ions/ (b) a substituent that protects the peptide from 
proteolytic enzymes without altering the sflnlity of P, to bind metal ions, or (c) a substituent 
which is a non-peptide, metal -binding^jnctiojial group that increases the ability of the peptide 
to bind metal ions. 

104. The method of ClaimJ/lOl wherein at least one amino acid of P 2 is substituted 
with (a) a substituent that increased the lipophilicity of the peptide without altering the ability 
of Pj to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes 
without altering the ability ofJP x to bind metal ions, or (c) a substituent which is a non-peptide, 
metal-binding functional group that increases the ability of the peptide to bind metal ions. 

105. A methWof reducing the damage done by reactive oxygen species (ROS) in an 
animal comprising adipmstering to the animal an effective amount of a metal-binding peptide 
having attached therefoauion-peptide, metal-binding functional group. 

106. The method of Claim'! 05 wherein the peptide contains from 2-10 amino acids. 

107. The method ofjafaim 106 wherein the peptide contains from 3-5 amino acids. 

108. The method ofi Claim 105, 106, or 107 wherein the amino acids of the peptide 
are D-aminoaq 

1 09. A method oY reducing the damage done by reactive oxygen species (ROS) in a 
tissue or an organ that has\be£n)removed from an animal comprising contacting the tissue or 
organ with a solution c6ntiwMfig an effective amount of a metal-binding peptide having 
attached thereto a non-peptiafe, metal-binding functional group. 

110. The method of Claim 1 09 wherein the peptide contains from 2-10 amino acids. 

111. The method of Claim 1 lOwlIerein the peptide contains from 3-5 amino acids. 

112. The method of Claim 1 O^f/H^O, or 1 1 1 wherein the amino acids of the peptide 
are D-amino acids. 
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1 1 3 . A methocKpf ^ducing the concentration of metal in an animal in need thereof 
comprising administering tot^e animal an effective amount of a metal -binding peptide having 
attached thereto a non-peptrae, metal-binding functional group. 

114. The method of Gain/ 1 1 3 wherein the peptide contains from 2- 1 0 amino acids. 

115. The method of Q^^l 14 wherein the peptide contains from 3-5 amino acids. 

116. The method of ffilaim 1 13, 1 1 4, or 1 1 5 wherein the amino acids of the peptide 
are D-amino acids. 

1 1 7. A method of reducing the damage done by reactive oxygen species (ROS) in an 
animal comprising administering to the animal an effective amount of a metal-binding peptide 
dimer of the formula: 

P,-L- 

wherein: 

each P 3 may be\l 
metal ion; and 

L is a chemical grouty which connects the two P 3 peptides through their C-terminal 
amino acids. 

118. The method of Claim 1 1 7 wherein each P 3 contains 2-10 amino acids. 

1 19. The method of Claim 117 wherein at least one P 3 is P^ wherein Pj is: 
Xaaj Xaa^is: or 
Xaaj Xaa^is Xaa 3 ; ; 

Xaa, is glycine, alanine, valiAe, leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamme, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, trypt6pl^^cysteine, methionine, or a-hydroxymethylserine; 

Xas^ is glycine, alanide, Br-alanine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid/ glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and 

Xaa 3 is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or /tryptophan. 
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1 20. The method of Claim 1 1 9 wherein Xaa, is eyspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine. 

121. The method of Claim 119 wherein XaL is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine/ histidine or a-hydroxymethylserine. 

122. The method of Claim 1 19 wherein Xaa 3 is lysine. 

123. The method of Claim 1 1 9 wherein Xaa is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine, Xaaj is glycine, alanine, valine, leucine, isoleucine, threonine, 
serine, asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa 3 is lysine. 

124. The method of Claim 123 wherein Xaaj is aspartic acid or glutamic acid and 
Xaaj is alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine. 

125. The method of Claim 124 /wherein Xaa2 is alanine, threonine or a- 
hydroxymethylserine. 

126. The method of Claim 125 whefrein Xaaj is aspartic acid and Xaa2 is alanine. 

127. The method of Claim 1 1 9 wperein at least one amino acid of P! other than p- 
alanine is a D-amino acid. 

128. The method of Claim lZfl^herein all of the amino acids of P, other than p- 
alanine are D-amino acids. 

129. The method of Claim YW wherein both P 3 peptides are Pj. 

130. The method of Claims 117 wherein at least one amino acid of P 3 is substituted 
with (a) a substituent that increases tfie lipophilicity of the peptide without altering the ability 
of P 3 to bind metal ions, (b) a subs/ituent that protects the peptide from proteolytic enzymes 
without altering the ability of P 3 toAnnd metal ions, or (c) a substituent which is a non-peptide, 
metal-binding functional group mat improves the ability of the peptide to bind metal ions. 

131. The method of Claim 1 1 7 wherein P 3 comprises an amino acid sequence which 
is substituted with a non-peptipe, metal-binding functional group to provide the metal-binding 
capability of P 3 . 

1 32. The method off Claim 1 1 7 wherein L is neutral. 
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1 33 . The method of Claim 117 wherein!: is a straight-chain or branched-chain alkane 
or alkene residue containing from 1-18 cartxm atoms. 

134. The method of Claim 133 wherein L contains 2-8 carbon atoms. 

135. The method of Claim 1 1 ^/wherein L is a cyclic alkane residue containing from 
2-8 carbon atoms. 

136. The method of (^l&kbJ^wherein L contains 3-5 carbon atoms. 

137. The method of ($^im 1 1 7 wherein L is a nitrogen-containing heterocyclic alkane 

residue. 

138. The method of Claim 137 wherein L is a piperazide. 

139. The me^iod of Claim 117 wherein L is a glyceryl ester. 

140. A biethod of reducing the damage done by reactive oxygen species (ROS) in a 
tissue or an organ that has been removed from an animal comprising contacting the tissue or 
organ with a solution containing an effective amount of a metal-binding peptide dimer of the 
formula: 

wherein: 

each P 3 maj| be^^same or different and is a peptide which is capable of binding a 
metal ion; and 

L is a chemical gfyup which connects the two P 3 peptides through their C-terminal 
amino acids. 

141. The method of Claim 140 whejfein each P 3 contains 2-10 amino acids. 

142. The method of Claim 140 w^ferein at least one P 3 is P u wherein Pj is: 

Xaa t Xaa2 His: or 
Xaa 1 Xaa2 His Xaa 3 ; 

Xaa, is glycine, alanine, wlme^ieiicine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutMnine,Mysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 
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Xaaj is glycine, alanine, p-alanine, valine, leucine, jfsoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and 

Xaa 3 is glycine, alanine, valine, lysine, arginine/ ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptophan. / 

1 43 . The method of Claim 1 42 wherein Xaaf is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine. / 

144. The method of Claim 142 wherein Xaa2 is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

145. The method of Claim 142 wherein Xaa 3 is lysine. 

146. The method of Claim 142 wherein Xaa! is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine, Xaa2 is glycine/ alanine, valine, leucine, isoleucine, threonine, 
serine, asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa 3 is lysine. 

147. The method of Claim 146 wherein Xaa! is aspartic acid or glutamic acid and 
Xaa2 is alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine. 

148. The method of Cl&im 147 wherein Xaa2 is alanine, threonine or a- 
hydroxymethylserine. / /\^^^ 

149. The method of Clajffil^-8^\herein Xaaj is aspartic acid and Xaa2 is alanine. 

150. The method of Claim 142 wherein at least one amino acid of P, other than p- 
alanine is a D-amino acid. / 

151. The method of Claim 150 wherein all of the amino acids of P, other than p- 
alanine are D-amino acids. / 

152. The method of Claim 142 wherein both P 3 peptides are P,. 

153. The method oflClaims 140 wherein at least one amino acid of P 3 is substituted 
with (a) a substituent that increases the lipophilicity of the peptide without altering the ability 
of P 3 to bind metal ions, (To) a substituent that protects the peptide from proteolytic enzymes 
without altering the ability of P 3 to bind metal ions, or (c) a substituent which is a non-peptide, 
metal-binding functional group that improves the ability of the peptide to bind metal ions. 
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154. The method of Claim 140 wherein P 3 comprises an amino acid sequence which 
is substituted with a non-peptide, metal-binding functional group to provide the metal-binding 
capability of P 3 . 

155. The method of Claim 140 wherein L is neutral. 

156. The method of Claim 1 40 wherein Lisa straight-chain or branched-chain alkane 
or alkene residue containing from 1-18 carbon atoms. 

157. The method of Claim 156 wherein L contains 2-8 carbon atoms. 

158. The method of Claim 14(j wherein L is a cyclic alkane residue containing from 
2-8 carbon atoms. 

159. The method of Clajpj58 wherein L contains 3-5 carbon atoms. 

1 60. The method of Claipi / 40 wherein L is a nitrogen-containing heterocyclic alkane 

residue. 

161 . The method of Clafei 1 60 wherein L is a piperazide. 

162. The method of Cmim 140 wherein L is a glyceryl ester. 

163. A iriethod of reducing the concentration of a metal in an animal in need thereof 
comprising administering to the animal an effective amount of a metal-binding peptide dimer 
of the formula: 

wherein: 

each P 3 may pe\he ^ame or different and is a peptide which is capable of binding a 
metal ion; and 

L is a chemical gr^up which connects the two P 3 peptides through their C-terminal 
amino acids. 

164. The method of Claim 16/ wherein each P 3 contains 2-10 amino acids. 

165. The method of Claim lf$3 wherein at least one P 3 is P, wherein P, is: 
Xaaj XaajHis: 
Xaa, Xaa2 Hi 
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Xaaj is glycine, alanine, valine, leucine, isoleucine,/serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaaj is glycine, alanine, p-alanine, valine, leucine/isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and 

Xaa 3 is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptophan. 

166. The method of Claim 165 wherein ^taa, is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine. 

167. The method of Claim 165 wherein Xaa2 is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

168. The method of Claim 1 6& wherein Xaa 3 is lysine. 

169. The method of Claim v^erehiXaa! is aspartic acid, glutamic acid, arginine, 



or a-hydroxymethylserine, Xaa2 
serine, asparagine, methionine, his 
170. The method of Clad 



le, alanine, valine, leucine, isoleucine, threonine, 
a-hydroxymethylserine, and Xaa 3 is lysine. 
^69 wherein Xaa x is aspartic acid or glutamic acid and 
Xaa2 is alanine, glycine, valine, th^onine, serine, or a-hydroxymethylserine. 

171. The method of JClaim 170 wherein Xaa2 is alanine, threonine or a- 
hydroxymethylserine. 

172. The method of Clkim 171 wherein Xaa, is aspartic acid and Xaa2 is alanine. 

173. The method of ^laim 165 wherein at least one amino acid of Pj other than p- 
alanine is a D-amino acid. 

174. The method faf Claim 173 wherein all of the amino acids of P! other than p- 
alanine are D-amino 

1 75. The method of Claim 1 65 wherein both P 3 peptides are Pj . 

1 76. The method of Claims 1 63 wherein at least one amino acid of P 3 is substituted 
with (a) a substituent tlftat increases the lipophilicity of the peptide without altering the ability 
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of P 3 to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes 
without altering the ability of P 3 to bind metal ions, or (c) a /ubstituent which is a non-peptide, 
metal-binding functional group that improves the ability of the peptide to bind metal ions. 

1 77. The method of Claim 163 wherein P 3 comprises an amino acid sequence which 
is substituted with a non-peptide, metal-binding functjlonal group to provide the metal-binding 
capability of P 3 . 

178. The method of Claim 163 wherein TL is neutral. 

1 79. The method of Claim 1 63 whereip)£ is a straight-chain or branched-chain alkane 
or alkene residue containing from 1-18 carpofl atoms. 

1 80. The method of Claim 179 ^^e/etin L contains 2-8 carbon atoms. 

181. The method of Claim 1 63 wherem L is a cyclic alkane residue containing from 
2-8 carbon atoms. 

182. The method of Claim 18lAvherein L contains 3-5 carbon atoms. 

1 83 . The method of Claim 1 6^wherein Lisa nitrogen-containing heterocyclic alkane 

residue. 

184. The method of Clairaf 183 wherein L is a piperazide. 

1 85. The method of Clajin 163 wherein L is a glyceryl ester. 

1 86. A pharmaceutica^composition comprising a pharmaceutically-acceptable carrier 
and a peptide having tfye formula: 

p. - p 2 > 



wherein: 



P t is: 



or 



Xaaj Xaa^ 

Xaa! X 
P 2 is (Xaa 4 ) n ; 
Xaaj is glycine, alahine, 
asparagine, glutamic acid, glut; 



x 3> 



line, leucine, isoleucine, serine, threonine, aspartic acid, 
ine, lysine, hydroxylysine, histidine, arginine, ornithine, 



phenylalanine, tyrosine, tryptophamcysteine, methionine, or a-hydroxymethylserine; 
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Xa^ is glycme, alanine, p-alanine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosines tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa 3 is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptophan; 

Xaa 4 is any amino a*jid; and 

nis 0-100; 

or a physiologically-acceptablfe salt thereof. 

187. The composition \f Claim 186 wherein Xaaj is aspartic acid, glutamic acid, 
arginine, or a-hydroxymethylserftie. 

188. The composition of CSaiSrt86 wherein Xaa2 is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

1 89. The composition of Claim 1 86 therein Xaa 3 is lysine. 

190. The composition of Claim 186 wherein Xaaj is aspartic acid, glutamic acid, 
arginine, or a-hydroxymethyfiserire, Aaaj is/ glycine, alanine, valine, leucine, isoleucine, 
threonine, serine, asparagine, m^ti ionin^, dtfstidine or qc-hydroxymethylserine, and Xaa 3 is 
lysine. 

191. The composition of Claim 1 90 Wherein Xaaj is aspartic acid or glutamic acid and 
Xaaj is alanine, glycine, valine, threonine, serinp; or a-hydroxymethylserine. 

192. The composition of Clainr^l wherein Xaa2 is alanine, threonine or a- 
hydroxymethylserine. 

1 93 . The composition of Claim 1 92 wheVein Xaaj is aspartic acid and Xaa2 is alanine. 

1 94. The composition of Claim 1 86 wherein n is 0- 1 0. 

195. The composition of Claims 194 wherein n is 0-5. 

196. The composition of Claim 195 wherdin n is 0. 

197. The compositon of Claim 186 whereiiiP 2 comprises a metal-binding sequence. 

198. The composition of Claim 197 wherein P 2 comprises one of the following 
sequences: 
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(Xaa 4 ) m Xaa 3 His Xa^ Xaa 5 , 
(Xaa 4 V His Xaaj Xaa 5 , 
(Xaa 4 )A Xaa 5 Xaa2 His Xaa 3 , or 
(Xaa 4 ) m Xaa 5 Xaa^ His, 
wherein Xaa 5 is an amino acid having a free side-chain -NH 2 and m is 0-5. 

199. The composition of Claim 198 wherein Xaa 5 is Orn or Lys. 

200. The composition of Claim 186 wherein at least one of the amino acids of P { 
other than (J-alanine is a D-Wino acid. 

20 1 . The composition of Claim 200 wherein Xaa x is a D-amino acid, His is a D-amino 
acid, or both Xaa, and His are D-amino acids.. 

202 The composition of Claim 201 wherein all of the amino acids of P, other than P- 
alanine are D-amino acids. \ f ^\ 

203. The composition ofOaim 200 whenein at least 50% of the amino acids of P 2 are 
D-amino acids. / \ / 

204. The composition of Claim 201 wherein at least 50% of the amino acids of P 2 are 
D-amino acids. U \ \ 

205. The composition of ClaiiA 202 whereinAt least 50% of the amino acids of P 2 are 
D-amino acids. \ / 

206. The composition of aiixoneWCmin^ 1 Sd-^O^wherein at least one amino acid 
of Pj is substituted with (a) a substituent that increases the lipophilicity of the peptide without 
altering the ability of P x to bind metal ions, (b) a substituent that protects the peptide from 
proteolytic enzymes without altering the ability of P, to bind metal ions, or (c) a substituent 
which is a non-peptide, metal-binding functional group that increases the ability of the peptide 
to bind metal ions. \ 

207. The composition of Claim 206 wherein P, has one of the following formulas: 
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R 3 is H, a ndp-peptide, metal-binding functional group or the two R 3 groups together 
form a non-peptide, metal-binding functional group. 

208. The composition of any one of Claims 1 86*265^vherein at least one amino acid 
of P 2 is substituted wim(a) a substituent that increases the lipophilicity of the peptide without 
altering the ability of PAto bind metal ions, (b) a substituent that protects the peptide from 
proteolytic enzymes without altering the ability of P ] to bind metal ions, or (c) a substituent 
which is a non-peptide, mer^il-binding functional group that increases the ability of the peptide 
to bind metal ions. 

209. The compositionbf Claim 207 wherein at least one amino acid of P 2 is substituted 
with (a) a substituent that increases the lipophilicity of the peptide without altering the ability 
of P! to bind metal ions, (b) a suWituent that protects the peptide from proteolytic enzymes 
without altering the ability of Pt t<™incfr^etal ions, or (c) a substituent which is a non-peptide, 
metal-binding functional group tiat increases the ability of the peptide to bind metal ions 

210. A kit comprising a oonfainer holding a peptide having the formula: 

-p 2 > 

wherein: 

P, is: 

Xaa, Xaa2 His: or^ 
Xaaj XaajHis Xaa\; 
P 2 is(Xaa 4 ) n ; \ 
Xaa x is glycine, alanine, valine, leufcine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamine, lysiney hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa2 is glycine, alanine, p-alanine, valine\ leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa 3 is glycine, alanine, valine, lysine, argininp, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptophan; 
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Xaa 4 1^ any amino acid; and 
n is 0- 

or a physiologicSal^acceptable salt thereof. 

211. The kit of Claim 210 wherein Xaa, is aspartic acid, glutamic acid, arginine, or a- 
hydroxymethylserine. 

212. The kit of Claim 210 wherein Xaa2 is glycine, alanine, valine, leucine, isoleucine, 
threonine, serine, asparagine, methionine, histidipe or a-hydroxymethylserine. 

213. The kit of Claim 210 wherein Xaa/ is lysine. 

2 1 4. The kit of Claim 210 wherein Xaaj is aspartic acid, glutamic acid, arginine, or a- 
hydroxymethylserine, Xaa2 is glycine, alanine, Valine, leucine, isoleucine, threonine, serine, 
asparagine, methionine, histidine or a-hydroxvmethylserine, and Xaa 3 is lysine. 

215. The kit of Claim 214 wherein Xaa, is aspartic acid or glutamic acid and Xaa2 is 
alanine, glycine, valine, threonine, serine, or/a-hydroxymethylserine. 

216. The kit of Claim 215 /vherein Xaa2 is alanine, threonine or a- 
hydroxymethylserine. 

217. The kit of Claim 216 whereiA Xaa! is aspartic acid and Xaa2 is alanine. 

218. ThekitofClaim210 wlieWnnisO-10. 

219. ThekitofClaims21Mi^finnisO-5. 

220. The kit of Claim 2 15K wherein n is 0. 

221 . The kit of Claim 210 whferein P 2 comprises a metal-binding sequence. 

222. The kit of Claim 221 wherein P 2 comprises one of the following sequences: 

(Xaa 4 ) m Xaa 3 His Xe^ Xaa^ 
(Xaa 4 ) m His Xaa2 
(Xaa 4 ) m Xaa 5 Xaa^is Xaa 3 , or 
(Xaa 4 ) m Xaa 5 Xaa/His, 
wherein Xaa5 is an amino acid Having a free side-chain -NH 2 and m is 0-5. 

223. The kit of Claim 222 wherein Xaa 5 is Orn or Lys. 
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224. The kit of Claim 2 1 0 wherein at least one of the/amino acids ofV l other than 0- 
alanine is a D-amino acid. / 

225. The kit of Claim 224 wherein Xaa, is a D-amino acid, His is a D-amino acid, or 
both Xaai and His are D-amino acids.. / 

226 The kit of Claim 225 wherein all of the amino acids of other than P-alanine are 
D-amino acids. / 

227. The kit of Claim 224 wherein at least 50% of the amino acids of P 2 are D-amino 
acids. / 

228. The kit of Claim 225 wherein at least 50% of the amino acids of P 2 are D-amino 
acids. / 

229. The kit of Claim 226 wherein at4east 50% of the amino acids of P 2 are D-amino 
acids. / fk 

230. The kit of any one of Claimsy2 / 10-22$ wherein at least one amino acid of Pj is 
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering 
the ability of ? } to bind metal ions, (b) a substituent that protects the peptide from proteolytic 
enzymes without altering the ability of P/to bind metal ions, or (c) a substituent which is a 
non-peptide, metal-binding functional group that increases the ability of the peptide to bind 
metal ions. / 

23 1 . The kit of Claim 230 wherein P, has one of the following formulas: 
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CH-(CH 2 ) 4 N(R 3 ) 2 
C0 2 H 



wherein: 



R, is an alkyl, aryl, 01/heteroaryl; 

R 2 is -NH 2 , -NHR„N(R,) 2 , -OR,, or R,; and 
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R 3 is H, a non-peptide, metal-binding fimct/onal group or the two R 3 groups together 
form a non-peptide 5 metal-binding functional group. 

232. The kit of any one of Claims 210-229 wherein at least one amino acid of P 2 is 
substituted with (a) a substituent that increases tne lipophilicity of the peptide without altering 
the ability of P, to bind metal ions, (b) a substitfuent that protects the peptide from proteolytic 
enzymes without altering the ability of Pj to joind metal ions, or (c) a substituent which is a 
non-peptide, metal-binding functional group that increases the ability of the peptide to bind 
metal ions. 

233. The kit of Claim 23 1 whereir/at least one amino acid of P 2 is substituted with (a) 
a substituent that increases the lipophilicrcy of the peptide without altering the ability of P, to 
bind metal ions, (b) a substituent that^ratects the peptide from proteolytic enzymes without 
altering the ability of Pj to bind metallipns, or (c) a substituent which is a non-peptide, metal- 
binding functional group that increases the ability of the peptide to bind metal ions 

234. Apltarmaceutical composition comprising a pharmaceutically-acceptable carrier 
and a metal-binaW^peptide having attached thereto a non-peptide, metal-binding functional 
group. ~<Y 

235. The composition of Claiyfc 234 wherein the peptide contains from 2-10 amino 

acids. 

236. The composition of ^laim 235 wherein the peptide contains from 3-5 amino 

acids. 

237. The compositiojA>f Claim 234, 235, or 236 wherein the amino acids of the 
peptide are D-amino acids. / 

238. A kitWnprising a container holding a metal-binding peptide having attached 
thereto a non-pepti(fe^ietal-binding functional group. 

239. The kit of Claim 238 whec&n the peptide contains from 2-10 amino acids. 

240. The kit of Claim 239 wherein the peptide contains from 3-5 amino acids. 

241 . The kit of Claim 238, J?39or 240 wherein the amino acids of the peptide are D- 
amino acids. 
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x>up which connects the two P 3 peptides through their C-terminal 



242. A\composition comprising a metal-binding peptide dimer of the formula: 

;-L-P 3 , 

wherein: 

le same or different and is a peptide which is capable of binding a 

metal ion; and 

L is a chemii! 
amino acids. 

243. The composition of Claim 242 whereiA each P 3 contains 2-10 amino acids. 

244. The composition of Claim 242 wherein at least one P 3 is Pj wherein P, is: 

Xaaj Xaa^His: or 
Xaaj Xaa^is Xaa 3 ; and 

Xaaj is glycine, alanine, valine, leucine( isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamine, lysine, mydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine/ methionine, or a-hydroxymethylserine; 

Xaaj is glycine, alanine, p-alanine, vafine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, wsine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and 

Xaa 3 is glycine, alanine, valine, l/sine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptopl 

245. The composition of [Cl/ufrt 244 wherein Xaa, is aspartic acid, glutamic acid, 
arginine, or a-hydroxymethylserine/ 

246. The composition of Cpim 244 wherein Xaa2 is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

247. The composition of Claim 244 wherein Xaa 3 is lysine. 

248. The composition/of Claim 244 wherein Xaa! is aspartic acid, glutamic acid, 
arginine, or a-hydroxymethwserine, Xaa2 is glycine, alanine, valine, leucine, isoleucine, 
threonine, serine, asparaginp, methionine, histidine or a-hydroxymethylserine, and Xaa 3 is 
lysine. 
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249. The composition of Claim 248 wherein Xaaj ifs aspartic acid or glutamic acid and 
Xaaj is alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine. 

250. The composition of Claim 249 whereip Xaa2 is alanine, threonine or a- 
hydroxymethylserine. 

25 1 . The composition of Claim 250 wherein Xiaj is aspartic acid and Xa^ is alanine. 

252. The composition of Claim 244 wherein d$L least one amino acid of Pj other than 
p-alanine is a D-amino acid. 

253. The composition of Claim 252 whereii^all of the amino acids of Pi other than p- 
alanine are D-amino acids. 

254. The composition of Claim 244 whei£in both P 3 peptides are P,. 

255. The composition of Claims 242 wherein at least one amino acid of P 3 is 
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering 
the ability of P 3 to bind metal ions, (b) a substituent that protects the peptide from proteolytic 
enzymes without altering the ability of P 3 to pind metal ions, or (c) a substituent which is a 
non-peptide, metal-binding functional gnj^ugf thaHmproves the ability of the peptide to bind 
metal ions. 

256. The composition of ClaimM2 wherein P 3 comprises an amino acid sequence 
which is substituted with a non-peptide, rr/etal-binding functional group to provide the metal- 
binding capability of P 3 . 

257. The composition of Claini 242 wherein L is neutral. 

258. The composition of Claim 244 wherein L is a straight-chain or branched-chain 
alkane or alkene residue containing from 1-18 carbon atoms. 

259. The composition of Claim 258 wherein L contains 2-8 carbon atoms. 

260. The composition of ylaim 244 wherein L is a cyclic alkane residue containing 
from 2-8 carbon atoms. 

261 . The composition of Claim 260 wherein L contains 3-5 carbon atoms. 

262. The composition pf Claim 244 wherein L is a nitrogen-containing heterocyclic 
alkane residue. 
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263. The composition of Claipi 262 wherein L is a piperazide. 

264. The composition of CMin 244 wherein L is a glyceryl ester. 

265. A kit comprising a container holding a metal-binding peptide dimer of the 
formula: \ 

wherein: \ Y J 

each P 3 m£w Muih same or different and is a peptide which is capable of binding a 
metal ion; and "Sf 

L is a chemical group which connects the two P 3 peptides through their C-terminal 
amino acids. \ 

266. The kit of Claim 265 wherein eqfch P 3 contains 2-10 amino acids. 

267. The kit of Claim 265 wherein af least one P 3 is P u wherein P, is: 

Xaa, Xaa^is: or 
Xaa, Xaa2His Xaa 3 ; and 

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa2 is glycine, alanine, p-alaniije, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, gh^an/ine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptoj>nan]|^^ methionine, or a-hydroxymethylserine; and 

Xaa 3 is glycine, alanine^ /aljlh^Jysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptopt 

268. The kit of Claim 26y wherein Xaa t is aspartic acid, glutamic acid, arginine, or a- 
hydroxymethylserine. 

269. The kit of Claim 267 wherein Xaa2 is glycine, alanine, valine, leucine, isoleucine, 
threonine, serine, asparagine/methionine, histidine or a-hydroxymethylserine. 

270. The kit of Claiii 267 wherein Xaa 3 is lysine. 
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27 1 . The kit of Claim 267 wherein Xaai is aspartic acid, glutamic acid, arginine, or a- 
hydroxymethylserine, Xaa2 is glycine, alanine, valine, leucine, isoleucine, threonine, serine, 
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa 3 is lysine. 

272. The kit of Claim 271 wherein Xaa/ is aspartic acid or glutamic acid and Xaa2 is 
alanine, glycine, valine, threonine, serine, or ajhydroxymethylserine. 

273. The kit of Claim 272 wherein Xaa2 is alanine, threonine or a- 
hydroxymethylserine. 

274. The kit of Claim 273 wherein Kaa, is aspartic acid and Xaa2 is alanine. 

275. The kit of Claim 267 wherein ft least one amino acid of Pj other than P-alanine 
is a D-amino acid. 

276. The kit of Claim 275 wherein/all of the amino acids of P, other than P-alanine are 
D-amino acids. 

277. The kit of Claim 267 wherein both P 3 peptides are Pj 



278. The kit of Claims 
(a) a substituent that increases 
P 3 to bind metal ions, (b) a si 
without altering the ability of 
metal-binding functional groj 



wherein \ 



heft 
bstit 



ptha 



east one amino acid of P 3 is substituted with 
Iphilidty of the peptide without altering the ability of 
protects the peptide from proteolytic enzymes 
to bi4id mdtal ions, or (c) a substituent which is a non-peptide, 
improves the ability of the peptide to bind metal ions. 

279. The kit of Claim 265 wherein P 3 comprises an amino acid sequence which is 
substituted with a non-peptide, n/etal-binding functional group to provide the metal-binding 
capability of P 3 . 

280. The kit of Claim 265 wherein L is neutral. 

281 . The kit of Claim/265 wherein L is a straight-chain or branched-chain alkane or 
alkene residue containing from 1-18 carbon atoms. 

282. The kit of Claim 281 wherein L contains 2-8 carbon atoms. 

283. The kit of Clzjlim 265 wherein L is a cyclic alkane residue containing from 2-8 
carbon atoms. 

284. The kit of Claim 283 wherein L contains 3-5 carbon atoms. 
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residue. 



285. The kit of Claim 265 wnerein L is a nitrogen-containing heterocyclic alkane 

286. The kit of Claim 285 wherein L is a piperazide. 

287. The kit of Claim 265 wherein L is a glyceryl ester. 

288. Abeptide having the formula: 



wherein: 



Xm { Xaa^is: or 
Xaaj Xaa^is Xaa 3 ; 
P 2 is (Xaa 4 )\ 

Xaaj is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic\acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosineJtryptophan, cysteine, methionine, or a-hydroxymethylserine; 



Xaa^ 



line, P-alanine, valine, leucine, isoleucine, serine, threonine, aspartic 



acid, asparagine, i ;lutaimioacid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, SsiosHla tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa 3 is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptophan; 

Xaa 4 is any aminp acid; 

nis 0-100; and 

at least one amind acid of Pj is a D-amino acid; 
or a physiologically-acceptable salt thereof. 

289. The peptide of Claim 288 wherein Xaaj is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine J 

290. The peptide oS Claim 288 wherein Xaa2 is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

291 . The peptide of Claim 288 wherein Xaa 3 is lysine. 
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292. The peptide of Claim 288 wherein Xaa, is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethjdserine, Xaa2 is glycine, alanine, valine, leucine, isoleucine, threonine, 
serine, asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa 3 is lysine. 

293. The peptide of Claim 292 wherein Xaa, is aspartic acid or glutamic acid and 
Xaaj is alanine, glycineWline, threonine, serine, or a-hydroxymethylserine. 

294. The peptide of Claim 293 wherein Xaaj is alanine, threonine or a- 
hydroxymethylserine . 

295. The peptide of Claim 294 wherein Xaa, is aspartic acid and Xas^ is alanine. 

296. The peptide ofQaim 288 wherein n is 0-10. 

297. The peptide of Claims 296 wherein n is 0-5. 

298. The peptide of Claim 297 wherein n is 0. 

299. The peptide of Claim 288 wherein P 2 comprises a metal-binding sequence. 

300. The peptide of Claipa-^99 wherein P 2 comprises one of the following sequences: 

(Xaa 4 ) m Xaa 3 Hi£ Aa^ 2 \^aa 5 , 
(Xaa 4 ) m His[ 

(Xaa 4 ) m Xaai ^aa2 hn^xaa 3 , or 
(Xaa 4 ) m Xaa 5 \ 

wherein Xaa 5 is an amino acfll havinglaifree side-chain -NH 2 and m is 0-5. 

301 . The peptide of Claim 30p[ wherein Xaa 5 is Orn or Lys. 

3 02. The peptide of Ctakn^88 wherein Xaa, is a D-amino acid, His is a D-amino acid, 
or both Xaa, and His are D-amino acidsl. 

3 03 The peptide of Claim 3 02 wherein all of the amino acids of P , other than P-alanine 
are D-amino acids. 

304. The peptide of Claim 288 wfterein at least 50% of the amino acids of P 2 are D- 



amino acids. 

305. The peptide of Claim 302 w] 
amino acids. 



erein at least 50% of the amino acids of P, are D- 
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306. The peptide of Claim 303 wherein at least 50% of the amino acids of P 2 are D- 
amino acids. 

307. The peptide ofcany one of Claimi 28&-3 , ©6wherein at least one amino acid of Pj 
is substituted with (a) a substituent that increases the lipophilicity of the peptide without 
altering the ability of Pj to bind metal ions, (b) a substituent that protects the peptide from 
proteolytic enzymes without altering the ability of P, to bind metal ions, or (c) a substituent 
which is a non-peptide, metal-binding functional group that improves the ability of the peptide 
to bind metal ions. 

308. The peptide of Claim 30'Xwh£rein P\has one of the following formulas: 



N 




CHC0 2 H 

H 2 N-CH 

CO 
I 

NH 
I 

H 3 C— CH 
I 

CO 
I 

NH 

I 

H 2 C— CH 
I 

COOH 



N 




CH 2 C0 2 H 

H 2 N-CH 

CO 
I 

NH 

I 

R-i — CH 
I 

CO 
I 

NH 
I 

H 2 C— CH 
I 

COOH 
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CH2CO2H 



H 2 N-i^H 

C< 
I 

NH 

I 

H 3 C— CH 

CO 
I 

aljlH 
H 2 C— CH 

N I 
H CO 



NH 

I 

CH-(CH 2 ) 4 NH 2 \ 
COR 2 



CH2CO2H 

(R 3 ) 2 N-CH 

CO 
I 

NH 

I 

H 3 C— CH 

CO 

I 

aljJH 
H 2 C-CH 

CO 

I 

NH 

I 

CH-(CH 2 ) 4 N(R 3 )2 
CO2H 



N 
H 



wherein: 

R, is an alkyl, aryl, or heteroanyl;\ 
R 2 is -NH 2 , -NHR„ N(R,) 2 , -QR,, oKR,; and 

R 3 is H, a non-peptide, nretel-bindingttunctio/ial group or the two R 3 groups together 
form a non-peptide, metal-binding functional^ 

309. The peptide of any one\qf Claims i88-£Q6 Wherein at least one amino acid of P 2 

lat increases the lipophilicity of the peptide without 

altering the ability of P, to bind metal ions, (b) asubstittient that protects the peptide from 
proteolytic enzymes without altering the ability onP, td bind metal ions, or (c) a substituent 
which is a non-peptide, metal -binding funcfoaal^fo^ip that improves the ability of the peptide 
to bind metal ions. 

310. The peptide of Claim 308 wherein at least one amino acid of P 2 is substituted 
with (a) a substituent that increases the lipophilicity of tne peptide without altering the ability 
of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes 
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without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide, 
metal-binding functional group that improves the ability of the peptide to bind metal ions 

3 1 1 . A peptide having the formula: 

\ p. - p 2 > 

wherein: \ 
Pi is: \ 

Xaa, X^His: or 

Xaa, XaauHis Xaa 3 ; 
P 2 is (Xaa 4 ) n ; 

Xaa, is glycin/, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid,\glutanyne, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine\ ttrwtophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaaj is glycine, al^ffefp^afenine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acidL gluramine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, t^topjaan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa 3 is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutamine or tryptophan; 

Xaa 4 is any amino acid; \ 

n is 0-100; and \ 

at least one amino acid oflP,, P 2 or both is substituted with (a) a substituent that 
increases the lipophilicity of the peptide without altering the ability of P, to bind metal ions, 
(b) a substituent that protects the peptide from proteolytic enzymes without altering the ability 
of P, to bind metal ions, or (c) a substituent which is a non-peptide, metal-binding functional 
group that improves the ability of the peptide to bind metal ions.; 

or a physiologically-acceptable\salt thereof. 

312. The peptide of Claim 3 1 1 wnerein Xaa! is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine. ff\ 

110 



4172-3 



313. The peptide of Claim 311 wherein Xa^ is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

3 1 4. The peptide of Claim 3 1 1 wherein Xaa 3 is lysine. 

315. The peptide of Claim 3 1 1 wherein Xaa, is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine 5 Xaa 2 is glycine, /alanine, valine, leucine, isoleucine, threonine, 
serine, asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa 3 is lysine. 

316. The peptide of Claim 315 wherein Xaa, is aspartic acid or glutamic acid and 
Xaa2 is alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine. 

317. The peptide of Claim 3 1/6 wherein Xaaj is alanine, threonine or a- 
hydroxymethylserine. 

318. The peptide of Claim 317 wherein Xaai is aspartic acid and Xaa2 is alanine. 

319. The peptide of Claim 311 wherein n is 0- 1 0. 

320. The peptide of Claims 31 ^wherein n is 0-5. 

32 1 . The peptide of Claim 3j£&£wiKerein n is 0. 

322. The peptide of Claim til j wherein P 2 comprises a metal-binding sequence. 

323. The peptide of Claim iz2/wherein P 2 comprises one of the following sequences: 

(Xaa 4 ) m Xaa 3 His XaaJXaa 5 , 
(Xaa 4 ) m His Xa^ Xs 
(Xaa 4 ) m Xaa 5 Xaa2 Hjfs Xaa 3 , or 
(Xaa 4 ) m Xaa 5 Xaa2 His, 
wherein Xas^ is an amino acid having a free side-chain -NH 2 and m is 0-5. 

324. The peptide of Claim 323 wherein Xaa 5 is Orn or Lys. 

325. The peptide of Claim 3 1 1 wherein at least one of the amino acids of P, 
other than P-alanine is a D-amino acid. 

326. The peptide of Claim 325 wherein Xaa, is a D-amino acid, His is a D-amino acid, 
or both Xaa, and His are D-amino acids.. 

327. The peptide of JClaim 326 wherein all of the amino acids of P, other than p- 
alanine are D-amino acids. 
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328. The peptide of Claim 325 wherei^/ at least 50% of the amino acids of P 2 are D- 
amino acids. 

329. The peptide of Claim 326 whejfein at least 50% of the amino acids of P 2 are D- 
amino acids. 

330. The peptide of Claim 327 wherein at least 50% of the amino acids of P 2 are D- 
amino acids. 

33 1 . The peptide of any one of (/laims 311-330 wherein ? x has one of the following 
formulas: 



CI 
at 

0! 

M 

01 

m 

ci 

ni 

a 

J! 

ni 

CI 
CI 



N 



CHCO; 

I 




H 2 N- 


-CH 
1 




CO 
1 




NH 
1 


H 3 C- 


-CH 
\ 




CO 
\ / 




NH / 

1 / 


H 2 C- 


-CH/ 
1 1 




CQOH 



N 
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CH 2 C0 2 H 

(R 3 ) 2 N-CH 

CO 
I 

NH 
I 

H 3 C— CH 
CO 
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NH 
I 

H 2 C— CH 
I 

CO 



NH 

I 

CH-(CH 2 ) 4 N(R 3 )2 
C0 2 H 



wherein: 

R, is an alkyl, aryl, or hejteroaryl; 
R 2 is -NH 2 , -NHRj, N(R ) 2 , -OR,, or R,; and 

R 3 is H, a non-peptide, metal-binding functional group or the two R 3 groups together 
form a non-peptide, metal-binding functional group. 

332. A met^l-binding peptide having the formula: 

p.-p 2 > 

wherein: 

P, is: 

Xaa! Xlfch fcfts: or 

Xaaj s^fuifo aaxo ^yaci3, 

P 2 is a peptide se\j}ie6ce which comprises the sequence of a metal binding site; 
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Xaaj is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 

Xaa2 is glycine, alanine, p-alanine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, WtWi^acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyro&nb, trwrtophan, cysteine, methionine, or a-hydroxymethylserine; and 

Xaa 3 is glycine,Wnine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
asparagine, glutaffiifie or tryptophan; 

or a physiologically-acceptable salt thereof. 

333. The peptide of Claim 332 wherein P 2 has one of the following sequences: 

(Xaa 4 ) m Xaa 3 HistXaa2 Xaa^ 
(Xaa 4 ) m His Xaa2 |Xaa 55 
(Xaa 4 ) m Xaa 5 Xaal His Xaa 3 , or 
(Xaa 4 ) m Xaa 5 XaaJ[ His, 
Xaa 4 is any amino acid; 

Xaa 5 is an amino acid having a free side-chain -NH 2 ; and 
m is 0-5. 

334. The peptide of Clai^^j^ wherein Xaa, is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine. 

335. The peptide of CMml332 wherein Xaa2 is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

336. The peptide of Claim 3B2 wherein Xaa 3 is lysine. 

337. The peptide of Claim 33£ wherein Xaa } is aspartic acid, glutamic acid, arginine, 
or a-hydroxymethylserine, Xaa2 is gwcine, alanine, valine, leucine, isoleucine, threonine, 
serine, asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa 3 is lysine. 

338. The peptide of Claim 33 7 wherein Xaa, is aspartic acid or glutamic acid and 
Xaaj is alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine. 
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339. The peptide of Claim 338 whereir^ Xaz^ is alanine, threonine or a- 
hydroxymethylserine . 

340. The peptide of Claim 339 wherein XaAj is aspartic acid and Xaa2 is alanine. 

341. The peptide of Claim 333 wherein XaL is Orn or Lys. 

342. The peptide of Claim 332 wherein at jieast one amino acid of other than p- 
alanine is a D-amino acid. 

343 . The peptide of Claim 342 wherein Xa^f, is a D-amino acid, His is a D-amino acid, 
or both Xaa! and His are D-amino acids.. 

344. The peptide of Claim 343 wherein ^11 of the amino acids of P! other than P- 
alanine are D-amino acids. 

345. The peptide of Claim 342 wherein aft least 50% of the amino acids of P 2 are D- 
amino acids. 

346. The peptide of Claim 343 whergii^pt least 50% of the amino acids of P 2 are D- 
amino acids. 

347. The peptide of Claim 344 wljjbrei^ afteast 50% of the amino acids of P 2 are D- 
amino acids. 

348. The peptide of any one of Claims( 332-347 wherein at least one amino acid of Pj 
is substituted with (a) a substituent that increases the lipophilicity of the peptide without 
altering the ability of Pj to bind metal ions/(b) a substituent that protects the peptide from 
proteolytic enzymes without altering the ability of ? x to bind metal ions, or (c) a substituent 
which is a non-peptide, metal-binding functional group that improves the ability of the peptide 
to bind metal ions. 

349. The peptide of Claim 348 ^herein Pj has one of the following formulas: 
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wherein: 

R, is an alkyl, aryl, or '. 
R 2 is -NHj, -NHR„ N(R,) 2 , 

\J 



or R,; and 



4172-3 



R 3 is H, a non-peptide 5 metall-binding functional group or the two R 3 groups together 
form a non-peptide, metal-binding functional group. 

350. The peptide of any one of Claims 332-347 wherein at least one amino acid of P 2 
is substituted with (a) a substituent pat increases the lipophilicity of the peptide without 
altering the ability of P, to bind metal ions, (b) a substituent that protects the peptide from 
proteolytic enzymes without altering the ability of Pj to bind metal ions, or (c) a substituent 
which is a non-peptide, metal -binding functional group that increases the ability of the peptide 
to bind metal ions. 

35 1. The peptide of Claim 3 4 8l wherein at least one amino acid of P 2 is substituted 
with (a) a substituent that increases the lipophilicity of the peptide without altering the ability 
of P, to bind metal ions, (b) a substitusiwthat protects the peptide from proteolytic enzymes 
without altering the ability of ? x to bindlpetal ions, or (c) a substituent which is a non-peptide, 
metal-binding functional group that increases the ability of the peptide to bind metal ions 

352. A metal-binding peptide dimer of the formula: 



wherein: 




each P 3 nrav be jthe same or different and is a peptide which is capable of binding a 



metal ion; and 

L is a cherni^l^roup which connects the two P 3 peptides through their C-terminal 
amino acids. 

353. The peptide dimer of Cljaim 352 wherein each P 3 contains 2-10 amino acids. 

354. The peptide dimer of Claim 352 wherein at least one P 3 is P u wherein P } is: 
Xaaj XaajHis: or 
Xaaj Xaa2 His Xaa- 




Xaa, is glycine, alanine, valfirie, leucine, isoleucine, serine, threonine, aspartic acid, 



asparagine, glutamic acid, glutamine 



lysine, hydroxylysine, histidine, arginine, ornithine, 



phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; 
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, lysine, arginine, ornithine, aspartic acid, glutamic acid, 
aim 354 wherein Xaa, is aspartic acid, glutamic acid, 



358. The peptide dimer of C 
arginine, or a-hydroxymethylserine 



Xaa2 is glycine, alanine, p-alanine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine, 
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and 

Xaa 3 is glycine, alanine, valine 
asparagine, glutamine or tryptophan 

355. The peptide dimer of C 
arginine, or a-hydroxymethylserine. 

356. The peptide dimer of Clai m 354 wherein Xaa2 is glycine, alanine, valine, leucine, 
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine. 

357. The peptide dimer of CI iim 354 wherein Xaa 3 is lysine. 

aim 354 wherein Xaaj is aspartic acid, glutamic acid, 
Xaa2 is glycine, alanine, valine, leucine, isoleucine, 

threonine, serine, asparagine, methio line, histidine or a-hydroxymethylserine, and Xaa 3 is 
lysine. I 

359. The peptide dimer of Claim 358 wherein Xaa, is aspartic acid or glutamic acid 
and Xaa2 is alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine. 

360. The peptide dim^r ^j^Claim 359 wherein Xaa2 is alanine, threonine or a- 
hydroxymethylserine. 

36 1. The peptide din^r of < 
alanine. 

362. The peptide dimer of Cjlaim 354 wherein at least one amino acid of Pj other than 
P-alanine is a D-amino acid. 

363. The peptide dimer of (plaim 354 wherein all of the amino acids of P, other than 
P-alanine are D-amino acids. 

364. The peptide dimer off Claim 354 wherein both P 3 peptides are P,. 

365. The peptide dimer of Claims 352 wherein at least one amino acid of P 3 is 
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering 
the ability of P 3 to bind metal ionsj, (b) a substituent that protects the peptide from proteolytic 



Claim 360 wherein Xaa 1 is aspartic acid and Xaa2 is 
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enzymes without altering the ability of P 3 to bind metal ions, or (c) a substituent which is a 
non-peptide, metal-binding functional group that improves the ability of the peptide to bind 
metal ions. 

366. The peptide dimer of Claim 352 wherein P 3 comprises an amino acid sequence 
which is substituted with a non-peptid^, metal-binding functional group to provide the metal- 
binding capability of P 3 . 

367. The peptide dimer of ClaiiA 352 wherein L is neutral. 

368. The peptide dimer of Claim 352 wherein L is a straight-chain or branched-chain 
alkane or alkene residue containing from/%18 ^carbon atoms. 

369. The peptide dimer of Clairi^^ wherein L contains 2-8 carbon atoms. 

370. The peptide dimer of Claim\|5^ wherein L is a cyclic alkane residue containing 
from 3-8 carbon atoms. 

371. The peptide dimer of Claim 370\wherein L contains 3-5 carbon atoms. 

372. The peptide dimer of Claim 352 wherein L is a nitrogen-containing heterocyclic 
alkane residue. 

373. The peptide dimer of Claim 372 wherein L is a piperazide. 

374. The peptide dimer of Claim 352 wherein L is a glyceryl ester. 
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